Introduction: Uropathogenic Escherichia coli (UPEC) are the main etiological agent of urinary tract infections (UTIs). Association between different serotypes and UTIs is known, however, some strains are incapable to be serotyped. The aim of this work was to study bthe phenotypical and genotypical characteristics of 113 non-typeable (NT) and auto-agglutinating (AA) E. coli strains, isolated from UTIs in children and adults. Methodology: The 113 UPEC strains were analyzed by PCR assays using specific primers to determine their serogroups, fimH, papC, iutA, sat, hlyCA and cnf1, virulence associated genes, and chuA, yjaA and TSPE4.C2 for phylogroup determination. Additionally, the diffusion disk method was performed to evaluate the antimicrobial resistance to 18 antimicrobial agents. Results: Using the PCR assay, 63% (71) of the strains were genotyped showing O25 and O75 as the most common serogroups. The virulence genes fimH (86%) and iutA (74%) were the most prevalent, in relation to the phylogroups the commensal (A and B1) and virulent (B2 and D) showed similar frequencies (P > 0.05). The antimicrobial susceptibility test showed a high percentage (73%) of multidrug-resistant strains. Conclusions: The genotyping allowed identifying the serogroup in many of the strains that could not be typed by traditional serology. The strains carried virulence genes and were multidrug-resistant in both, commensal and virulent phylogroups. Our findings revealed that, in addition to the classical UPEC serogroups, there are pathogenic serogroups not reported yet.
Introduction
In order to define that an Escherichia coli (E. coli) strain corresponds to the uropathogenic group (UPEC), the bacteria should be isolated from a patient with symptoms of urinary tract infections (UTIs), be included in the classic UPEC serogroups with phylogenetic background and have specific virulence factors and antimicrobial resistance [1] . These UPEC strains are the main etiologic agent of UTIs within the community (60-90%) as well as in hospitals (50-70%) [2, 3] .
The traditional serotyping of E. coli strains includes agglutination assays detecting immunodominant segment of the lipopolysaccharides (LPS) molecule or somatic "O" (187) and flagellar "H" (56) antigens by means of specific antisera [4] . The bacterial colonies expressing LPS are defined as smooth; while those that express an incomplete LPS are defined as rough mutants or as auto-agglutinating [5] . The UPEC serogroups O1, O2, O4, O6, O7, O8, O15, O16, O18, O21, O22, O25, O75 and O83 are the most frequently associated with UTI [6] [7] [8] . Traditional serotyping is a labor-intensive procedure that is not feasible in all laboratories. Conversely, when an isolate belongs to the rough phenotype, an auto-agglutinating reaction is observed that does not allow the identification of the bacterium serogroup. The application of typing methods based on molecular procedures defined as genotyping has been proposed for the identification of UPEC strains isolated from UTI patients [1, 9, 10] . A multiplex PCR was developed by Li. et al. [7] to identify those serogroups commonly occurring in UPEC by using the wzx (flippase), wzy (polymerase) and orf486 target genes, as they are linked to the synthesis of the antigen "O" and are clustered within the E. coli chromosome.
E. coli is the main facultative bacterium part of the intestinal biota, however, in the evolutionary process associated with horizontal gene transfer different groups of clones emerged. By different analyzes it has been possible to establish the existence of phylogenetic groups A and B in which the commensal strains are included, and the B2 and D phylogroups which include strains that produce extraintestinal infections such as the case of UPEC [11] [12] [13] .
An important characteristic of UPEC strains is the presence of genes that code for the expression of fimbriae, toxins, iron uptake system and other virulence properties [2, 6, 13, 14] . Due to the clinical impact of ITUs, treatment with antimicrobials is of great importance. However, its inappropriate use has contributed significantly to the increase in the number of multi resistant mutants, that has influenced the recurrence and chronicity of the disease [2, 3] .
Although in the laboratory there are 187 antisera against the varieties of the somatic antigen and 56 against the flagellar antigen, in many cases a large number of strains are not recognized by the different antisera used so they are defined as non-typeable (NT). In other cases, the strains do not express a complete LPS which causes autoagglutination reactions (AA); both situations hinder the typing of the strains. The aim of this paper was to analyze by PCR the presence of UPEC classic serogroups in E. coli strains isolated from patients with UTIs that displayed either the AA or NT phenotypes. Also, we evaluated if the isolates carried genes that code for virulence properties of UPEC strains and their behavior against antimicrobials used in UTIs treatment. In different studies, the presence of nonclassical serotypes has been reported in strains of E. coli isolated from patients with UTI, so that in the present work might not be possible to identify the serotype in all the strains that will be studied.
Methodology

Bacterial strains
A total of 113 E. coli strains, including 87 isolated from adult patients with acute non-complicated UTIs (did not exhibit arterial hypertension, immune system impairment, pregnancy and were ambulatory) from Clinic No. 61 of Instituto Mexicano del Seguro Social and 26 from children with chronic UTIs (CUTIs) who participated in a longitudinal study approved by the research and ethics committee (HIM/2014/022SSA.1122) of the Hospital Infantil de México "Federico Gómez" (HIMFG), were evaluated.
In 69 (61%) of the NT strains, the agglutination test was not possible using 186 anti-O serum samples (SERUNAM, Mexico City, Mexico), and 44 (39%) showed AA.
DNA obtention
The DNA of each strain was obtained with the InstaGene Matrix kit (Bio-Rad, USA) according to the manufacturer's instructions.
PCR serogroups identification
A multiplex PCR performed according to Li. et al. [7] with specific primers for the wzx fragment for O1, O4, O7, O16, O18, O21, O22, and O83; wzy for O2, O6, O15, O25, O75 serogroups; and orf486 for the O8 serogroup were used in the assay.
UPEC virulence-related genes
Genes associated with adherence (fimH and papC), iron uptake systems (iutA) and toxin expression (sat, hlyCA and cnf1) were analyzed by PCR (Table 1S ). The genes were individually amplified by using a reaction mixture containing 3 µL of DNA template, 0.4 µL (10 µM) of the respective primer, and 5 µL of 2X PCR Master Mix (Kapa Biosystems, Inc., Boston, USA) adjusted to a 10 µL final volume with H2O.
Phylogenetic analysis
The phylogenetic origin of the strains was evaluated by multiplex PCR using primers corresponding to ChuA, yjaA and tspE4.C2 (Table 1S) as reported by Clermont. et al. [11] .
Antimicrobial Susceptibility
Eighteen antimicrobial agents were utilized for susceptibility by the diffusion disk method using commercially available disks (Oxoid, Hampshire, UK), and the results were interpreted based on the Clinical and Laboratory Standards Institute Manual criteria [15] . Escherichia coli ATCC 25922 strain was used as a control in the assay. Based on the criteria reported by Magiorakos. et al. [16] , the strains were classified as multidrug-resistant (MDR) for those resistant to at least one agent of three or more antimicrobial categories or extensive drug-resistant (XDR) for those that were nonsusceptible to at least one agent in all but two or less antimicrobial categories.
Results
Genotyping to determine serogroups
The method developed by Li et al. [7] allowed the serogroup identification of 71 (63%) of the 113 NT or AA E. coli strains isolated from 12 children with CUTIs and 59 adults with acute UTIs (Table 1) ; the strains were named PCR-genotypeable E. coli (PCR-GT-E. coli), and the remaining 42 (37%) were strains that did not amplify the genes, named PCR-non genotypeable E. coli (PCR-NGT-E. coli). An analysis of the PCR-GT-E. coli strains characteristics showed that 43 of them corresponded to NT, and 28 corresponded to AA. The serogroups O25 (17%) and O75 (14%) were the most common, followed by O6, O18, O21 (8%); O1, O2, O22 (7%); O8 (6%); and O4, O7, O15, O83 (4%). Considering the patients, O75 (17%) and O25 (15%) were more common in adults than in children, while O18 (33%) and O25 (25%) were more common in children with CUTIs (Table 1) .
Phylogenetic analysis
The phylogenetic group assay showed the phylogroups A (46%) and B2 (31%) as the more frequent of the 113 studied E. coli strains, and D (17%) and B1 (6%) as the less frequent. However, in PCR-NGT-E. coli the phylogroup B2 is the most frequent ( Table 2 ). The analysis between genotypeable and nongenotypeable strains showed that the first are included mainly (P < 0.05) in B2 and A phylogroups (data not shown). However, when the analysis was performed between the commensal and virulent phylogroups not significant differences (P > 0.05) were observed (data not shown). Considering the origin of the strains was observed that the isolates obtained from children were included mainly in the A and B1 (P < 0.05) commensal phylogroups. The same analysis with strains isolated from adult patients showed the same proportion of commensal and virulent phylogroups (Table 3) .
Virulence genes
The virulence gene analysis showed that 98 (87%) of the studied strains amplified between one and three virulence genes; fimH (86%) and iutA (74%) were more common in both groups (children and adults), sat was more frequent in children (73%), and iutA was more frequently isolated from adults (86%) ( Table 3 ). The analysis between phylogenetic groups and virulence genes showed that fimH and iutA were identified in both commensal and virulent phylogroups. However, sat was predominant in the A and B2 groups, papC in B2 and D, cnf1 in B2, and hlyCA was found in 8 (7%) strains distributed in the 4 phylogroups (Figure 1 ). There was no direct relationship between the virulence genes and the commensal and extraintestinal phylogroups (P > 0.05) (data not shown). PCR-GT-E. coli strains harbored between four and six virulence genes with significant differences (P < 0.05) when compared with the PCR-NGT-E. coli (Table 4 ). The fimH, papC, cnf1 and hlyCA genes were predominant among the PCR-GT-E. coli strains but sat and iutA showed a homogenous distribution between genotypeable and non-genotypeable strains ( Table 4 ).
The correlation of serogroups and virulence gene number showed one O25 strain with 6 genes; the serogroups O4, O6, O18, O25 and O75 with five genes; and O1, O18, O22, and O25 serogroups with four genes (data not shown).
Antimicrobial susceptibility
The susceptibility assay showed that a considerable number of the analyzed strains were sensitive to amikacin (91.1%), ofloxacin (94.7%), meropenem (Table S2 ). The resistance analysis showed 98 different antibiotic-resistant phenotypes, with 66 of them in PCR-GT-E. coli strains. One PCR-NGT-E. coli strain exhibited resistance to 17 of the 18 antibiotics evaluated in this study, and two O25 strains were resistant to 15 antibiotics. The antibiotic resistance profile showed that 73% of the studied strains were MDR, 21% were XDR and 6% of the strains were sensitive. Comparative analyses between PCR-GT-E. coli and PCR-NGT-E. coli groups showed that the MDR results and sensitivity were homogenous (P > 0.05). Nonetheless, XDR strains were mainly included in the PCR-NGT-E. coli group (P < 0.05) ( Table 5 ). The correlation between serogroup and antimicrobial susceptibility showed that the O1 serogroup was the least resistant, and the remaining serogroups were MDR (79%), with the exception of O22 and O25, which showed an XDR profile in 60% and 34% of the strains, respectively.
Discussion
The traditional serotyping of E. coli is a standard method for subtyping strains for epidemiological studies and enhancing phylogenetic studies. The serotyping of clinical isolates of this bacterium is under constant development, and it is usually possible to identify the isolated strains. In some cases, however, it is not possible to properly characterize the strain with available monospecific polyclonal antisera, either due to autoagglutination or because the isolated E. coli strain is novel, and an appropriate antiserum has not been developed [1] . Both situations make it necessary to search for alternatives in the characterization of E. coli related to UTIs [1, 7] . Data in the literature show that approximately 8-18% of UPEC strains cannot be typified by traditional serology [6, 8, [17] [18] [19] an alternative in this regard is the use of molecular procedures. A PCR assay to identify genes associated with the expression of 14 somatic O antigens of UPEC strains isolated from urine was evaluated in this work. With this procedure, the serogroup was determined in 71 (63%) of 113 non-serotyped strains; however, the assay was designed for the identification of regular UPEC serogroups. The results suggest that the other 42 (37%) strains that did not amplify with the UPEC primers may represent serogroups with local distribution.
In this regard, some studies of UTI carried out in China, India, Japan and Germany observed that E. coli serogroups O12, O15, O21, O26, O39, O42, O46, O51, O60, O74, O76, O77, O78, O83, O92, O102, O105, O117, O120, O135, O145, O149, O150, and O153 are not included in the classic UPEC serogroups [6, [20] [21] [22] . Some of these serogroups and others, such as O9, O11, O17, O29, O35, O70, O96, O100, O101, O127, O138, O152, and O154, have been reported in different studies in Mexico [17] [18] [19] . The presence of different serogroups in different countries could be related to autochthonous bacteria that are part of the intestinal biota and that incidentally may cause UTI [23] .
Based on genotyping, as on serotyping, O25 and O75 are included among the most frequent serogroups associated with UTI in our work and in others carried out in Mexico [17] [18] [19] , China [6] , India [20] , Italy [24] , Spain [25] Iran [26] . This suggests the importance, along with their wide distribution in different countries, of both serogroups and their epidemiological impact.
The existence of alternatives to characterize microorganisms causing diseases is of great importance to understand their epidemiology [1, 7] . Our observations support the use of PCR genotyping as a good alternative, mainly because it allows the identification of strains with LPS alterations.
Although E. coli is usually a non-pathogenic bacterium, several clones have acquired specific virulence factors through the horizontal acquisition of genetic material, which increases their ability to adapt to new niches. Different virulence genes have been identified in UPEC that allow it to colonize, invade and survive in the epithelium of the urinary tract of the host [3] . fimH (type I fimbriae) and iutA (iron uptake system) were the genes most frequently identified in the evaluated E. coli strains. Similar results have been 
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reported in other studies, where fimH (90%) and iutA (41% to 83%) were identified in E. coli strains isolated from stools or urine [6, 19, [26] [27] [28] . In relation to the toxins sat, cnf1 and hlyCA and adhesin papC the prevalence is similar to the one reported in other study [29] . However, the relationship between virulence genes and genotypes (serogroups) has been evaluated by other authors [6, 26] . The results obtained in this study showed that PCR-GT-E. coli strains belonging to serogroups O4, O25, O75 and O18 display virulence genes more frequently than PCR-NGT-E. coli. However, Gao et al. [6] does not find a difference in the number of virulence genes between the strains that have the classical serogroups, other serogroups and nontypeable ones. In this regard, studies have been conducted in vivo for the virulence of UPEC strains of uropathogenic and non-uropathogenic serogroups, where chicks were used to test the lethality of strains. Their results showed that virulence depended on the serogroup and the number of virulence genes that these strains expressed [6] .
Studies conducted in Mexico and other countries found that UPEC serogroup strains are integrated mainly in the virulent phylogroups (B2 and D) [17, 25, [30] [31] [32] . In the phylogroup analysis, the PCR-GT-E. coli strains showed a higher frequency of strains in the virulent phylogroups (B2 and D) with significant differences (P < 0.05) when compared with PCR-NGT-E. coli strains. These results confirm the clinical and epidemiological impact of the UPEC strains, although the O antigen is not expressed.
Phylogroups A and B1 include commensal strains [11] . The PCR-NGT-E. coli strains showed a higher prevalence in both phylogroups in this study, which suggests that this group is composed of commensal strains of serogroups not described before as UPEC. The participation of commensal strains in the etiopathogenesis of UTI has been previously documented [23] as well as the presence of virulence genes [6] , which suggests the opportunistic participation of E. coli commensals in UTI.
The resistance of antimicrobials has significantly increased in recent years, which has led to its consideration as a public health problem. The high resistance to ampicillin, amoxicillin, trimethoprim/sulfamethoxazole, ciprofloxacin and nalidixic acid is a consequence of empirical treatment, which is not efficient to control infections [17, 25, 33, 34] .
The results of sensitivity to antimicrobials showed the existence of multidrug-resistant strains in both PCR-GT-E. coli and PCR-NGT-E. coli strains in this study. In other studies, different results have been reported, observing that serotypeable UPEC strains have a higher percentage of resistant antibiotics of the family of β-lactam, aminoglycosides, quinolones and folate pathway inhibitors [26] . Additionally, the commensal strains show high resistance profiles and the E. coli strains show the same characteristics in the pathogenesis of UTI [35, 36] .
Conclusion
PCR genotyping was of great utility to identify the serogroups of 63% of NT or AA strains associated with UTI. On the other hand, it is possible that the 37% of the strains that did not amplify correspond to autochthonous UPEC serogroups. One of the limitations of the procedure is that it only includes the 14 described classic UPEC serogroups, showing the same limitations that have been observed with the serotyping. The study showed the importance of the integral genotypic and phenotypic characterization of strains isolated from clinical samples, since it allowed to identify that a significant number of commensal strains carry virulence genes of UPEC and are resistant to most antimicrobials of routine use in the treatment of UTIs.
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